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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Mn: Below 1.0 mass % and Mo: 0.2-1.5 It is Mo in the form of the powder 
by which diffusion adhesion was carried out on the front face of the iron machine 
powder with which mass % is beforehand alloyed, and is included, and the 
remainder consists of Fe and an unescapable impurity substantially. Alloy steel 
powder for powder metallurgy characterized by doing 0.2-10.0 mass % content of. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the alloy steel powder for powder 
metallurgy, In order to obtain the various sintered metal components of high 
density and high intensity especially, it is related with the suitable alloy steel 
powder for powder metallurgy. 
[0002] 

[Description of the Prior Art] A powder metallurgy technique can produce the 
components of a configuration with complicated high dimensional accuracy in a 
NIANETTO configuration, and since cut cost can be reduced substantially, the 
powder metallurgy product is used in many fields. Recently, high intensityization 
of the powder metallurgy product of an iron system is strongly required for small 
and lightweight-izing of components. 

[0003] As for the iron machine powder-molding object for powder metallurgy, it is 
common to carry out pressing and to be manufactured, after filling up metal mold 
with the iron machine powder mixed powder which mixed lubricant, such as 
stearin acid and lithium stearate, with powder for alloys, such as copper powder 
and graphite powder, further to iron machine powder. As a consistency of a Plastic 
solid, it is 6.6 - 7.1 Mg/m3. It is general. These iron machine powder-molding 
object is used as a sintered compact to sintering processing being performed 
further, and sizing and cutting are performed further if needed and let it be a 
powder metallurgy product. Furthermore, when high intensity is required, 
carburization heat treatment and bright heat treatment may be performed after 
sintering. 

[0004] In order to raise the reinforcement of a powder metallurgy product, 
generally adding the alloy element which improves hardenability to iron machine 
powder is performed. As an element effective in this object, the compressibility at 
the time of compacting and the reinforcement of the member after sintering are 
reconciled by JP, 63-66362, B by alloying Mo beforehand to iron powder in the range 
(Mo-0. 1-1.0 mass %) which does not spoil compressibility, and making the particle 
front face of this iron powder carry out diffusion adhesion of Cu and the nickel in a 
powdered form. However, nickel and Cu are disadvantageous elements from a 
viewpoint of an environmental response in recent years or recycle nature, and it is 
desirable to avoid an activity if possible. 
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[0005] Mo system alloy steel powder which contains neither nickel nor Cu is also 
proposed by using Mo as a main alloy element until now. For example, it is Mo at 
the object which Mo which is a ferrite stabilization element is added [ object ] in 
JP, 6*89365, B, and alpha single phase with the quick self-diffusion rate of Fe is 
formed [ object ], and promotes sintering. The alloy steel powder beforehand 
included as an alloy in the range of 1.5 - 20 mass % is proposed. However, since Mo 
addition was comparatively high, there was a fault that the compressibility of 
alloy steel powder was low and a high shaping consistency was not obtained. 
[0006] On the other h and, In JP, 7-51721, B It is Mo to iron powder. 0.2-1.5 Steel 
powder with the comparatively high compressibility at the time of compacting 
which made mass % and Mn alloy beforehand in the range of 0.05 - 0.25 mass % is 
indicated. However, the amount of Mo in this steel powder Since it is below 1.5 
mass %, it does not become alpha phase single phase. Therefore, since progress of 
sintering between particles is not promoted but it becomes an organization with 
many open holes When it used especially for pressure sintering, a hole could not be 
crushed efficiently, but there was a trouble that eburnation could not advance 
easily., 

[0007] Thus, the conventional Mo alloy steel powder was inadequate for being 

compatible in high compressibility and a high degree of sintering. 

[0008] 

[Problem(s) to be Solved by the Invention] This invention conquers the trouble of 
the above-mentioned conventional technique, reconciles high compressibility and a 
high degree of sintering, and it aims at offering the alloy steel powder for powder 
metallurgy which can decrease an open hole while it raises the shaping 
consistency of a Plastic solid. 
[0009] 

[Means for Solving the Problem] This invention for the above-mentioned object is 
Mn. : Below 1.0 mass % and Mo- 0.2-1.5 It is Mo in the form of the powder by which 
diffusion adhesion was carried out on the front face of the iron machine powder 
with which mass % is beforehand alloyed, and is included, and the remainder 
consists of Fe and an unescapable impurity. It is the alloy steel powder for powder 
metallurgy characterized by carry out 0.2-10.0 mass % content. 
[0010] 

[Embodiment of the Invention] The alloy steel powder of this invention is further 
explained at a detail according to a drawing below, iron machine powder (a) which 
makes Mo and Mn of the specified quantity an alloy content beforehand, and 
contains them as an alloy namely, ■- beforehand ■■ first as shown in drawing 2 in 
manufacture of the alloy steel powder of this invention Mo raw material powder (b) 
It prepares. 

[001 1] Iron machine powder (a) If it carries out, the atomization iron powder which 
sprayed the molten steel which adjusted the alloy content to the specified quantity 
by water thru/or gas is desirable, although atomization iron powder performs 
processing which it heats [ processing ] in a reducing atmosphere (for example, 
hydrogen ambient atmosphere), and usually reduces C and O after atomization -- 
iron machine powder (a) of this invention **** it is also possible to use the iron 
powder of an atomization [ which does not perform such heat treatment ] as. 
[0012] Mo raw material powder (b) If it carries out, metal Mo powder may be used 
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or Mo oxide (namely, Mo03) powder and ferromolybdenum powder may be used. 
Subsequently, the above mentioned iron machine powder (a) Mo raw material 
powder (b) It is mixing (c) at a predetermined ratio. It carries out. mixing (c) **** 
the approaches (for example, a Henschel mixer, a cone mixer, etc.) of applicable 
arbitration can be used. Iron machine powder (a) Mo raw material powder (b) It is 
spindle oil etc. in order to improve adhesion. It is also possible to add in the range 
below 0.1 mass %. 

[0013] About this mixture, it is heat treatment (d) in the range of 800-1000 degrees 
C at reducing atmospheres, such as a hydrogen ambient atmosphere. By carrying 
out, it is the alloy steel powder (e) of this invention. It is obtained. As this alloy 
steel powder is typically shown in drawing 1 , in the part 3 to which Mo raw 
material powder 2 and the iron machine powder 1 contact, a part of Mo in Mo raw 
material powder 2 was spread in the iron machine powder 1 particle, and the 
remainder of Mo has adhered to iron machine powder 1 front face in the condition 
of having remained to Mo raw material powder 2 (henceforth diffusion adhesion). 
In addition, although one diffusion adhesion of Mo is illustrated in drawing 1 , it 
cannot be overemphasized that a diffusion adhesion part is not limited to one place 
with actual alloy steel powder. 

[0014] In addition, when Mo oxide powder is used as Mo raw material powder 2, it 
is, In this heat treatment process, Mo oxide is returned to a metaled gestalt. 
Consequently, the condition that Mo content increased selectively by diffusion 
adhesion is acquired like the case where metal Mo powder is used as Mo raw 
material powder 2. In addition, if it heat-treats by doing in this way (namely, 
diffusion adhesion processing), since the iron machine powder 1 and Mo raw 
material powder 2 will usually be in the condition of having sintered and solidified, 
it crushes and classifies, annealing is further given to a desired particle size if 
needed, and it considers as a final alloy steel powder product. 

[0015] The reason for definition of the amount of alloy elements in the alloy steel 
powder 4 of this invention is explained. Mo beforehand contained in the iron 
machine powder 1 as an alloy content namely, -- beforehand as an alloy with the 
alloy steel powder 4 of this invention 0.2-1.5 It is mass %. Mo content as an alloy 
beforehand Even if it exceeds 1.5 mass %, the effectiveness of the improvement in 
hardenability falls [ do not change so much but / by hardening of alloy steel powder 
4 particle / compressibility ] on the contrary and is not desirable. It becomes 
disadvantageous also from an economical viewpoint. Moreover, Mo content as an 
alloy beforehand When carburization processing and hardening are performed for 
the alloy steel powder 4 of under 0.2 mass % after shaping / sintering A ferrite 
phase becomes easy to deposit in a sintered compact, consequently a sintered 
compact becomes a soft thing low also in reinforcement., 

[0016] Mn beforehand contained in the iron machine powder 1 as an alloy It is 
below 1.0 mass %. Mn content as an alloy beforehand It falls [ the effectiveness of 
the improvement in hardenability corresponding to Mn content is no longer 
acquired, and / by hardening of alloy steel powder 4 particle / compressibility ] on 
the contrary and is not desirable if 1.0 mass % is exceeded. It becomes 
disadvantageous also from an economical viewpoint. In addition, 0.04 mass % 
extent is surely contained as an unescapable impurity in the iron machine powder 
1, and Mn will serve as the cost high, if it is going to reduce Mn content rather 
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than 0.04 mass %. Therefore, Mn content is 0.04-1.0 preferably. It is mass %. 
[0017] Mo content contained in the form of the powder which carried out diffusion 
adhesion selectively with the alloy steel powder 4 of this invention is the alloy 
steel powder whole quantity. It is 0.2 to 10.0 mass %. Under by 0.2 mass %, there 
is little effectiveness of the improvement in hardenability, and the sintering 
facilitatory effect in a particle interface also becomes small. Moreover, even if it 
exceeds 10.0 mass %, the effectiveness of the improvement in hardenability and 
the effectiveness of acceleration of sintering are no longer seen so much, and serve 
as the cost high. In addition, it is Mo content by which diffusion adhesion is 
carried out in a powdered form from a viewpoint of securing the compressibility of 
the alloy steel powder 4. It is desirable to carry out to below 5.0 mass %. 
[0018] For below 0.05 mass % and O, below 0.3 mass % and N are [ C contained as 
an impurity with the alloy steel powder 4 of this invention ] the 50 mass ppm. It is 
desirable that it is the following. If the content of an impurity exceeds these values, 
the compressibility of the mixed powder which mixed the iron machine powder 1 
and Mo raw material powder 2 (namely, process of mixing (c) in drawing 1 ) will 
fall, It is because the alloy steel powder 4 which has sufficient consistency is not 
obtained. 

[0019] Moreover, especially the mean particle diameter of the iron machine powder 
1 in this invention is 30-120 as range industrially manufactured by low cost 
although not limited, mum is suitable. In addition, the mean particle diameter as 
used in the field of this invention is the middle point (d50) of weight addition 
particle size distribution. Since the alloy steel powder 4 of this invention has 
comparatively few elements beforehand contained in the iron machine powder 1 as 
an alloy, the degree of hardness of alloy steel powder 4 particle is controlled by low 
level, and a high consistency is obtained at the time of compression molding. 
Moreover, since Mo is segregating by comparatively high concentration in the 
particle front face, at the time of sintering of a Plastic solid, alpha single phase is 
formed by the particle interface. Consequently, association between the alloy steel 
powder 4 particles by sintering is promoted, and a close hole is easy to be formed. 
When the alloy steel powder 4 of this invention is applied to especially a pressing 
technique with this property, a hole collapses efficiently and the sintered compact 
of a high consistency is obtained. [0020] 

[Example] Although an example explains this invention to a detail further below 
The alloy steel powder of this invention and its application are not limited to the 
following examples at all., After spraying the molten steel containing Mo and Mn 
of the specified quantity by the water atomizing method, reduction processing was 
carried out in the hydrogen ambient atmosphere, it cracked further, and iron 
machine powder was manufactured. It is Mo03 as Mo raw material powder to this 
iron machine powder. Predetermined carries out ratio addition of the powder, and 
it is spindle oil further. 0.015 mass % addition of was done and it mixed for 15 
minutes with the V type mixer. 

[0021] This mixed powder is heat-treated in the hydrogen ambient atmosphere of 
40 degrees C of dew-points (retention temperature 875 degrees C, holding-time 
lhr), and it is Mo03. While returning powder to Metal Mo, the front face of iron 
machine powder was made to carry out diffusion adhesion, and the alloy steel 
powder of the presentation shown in a table 1 was manufactured. Mean particle 
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diameter (d50) had any alloy steel powder in the range of 70*90 micrometers. In 
addition, a sample number 4 is Mo03. It is the sample which omitted reduction 
processing of an atomizing powder before addition of powder. For any sample, C is 
below 0.01 mass % and O. Below 0.2 mass % and N are the 20 mass ppm. It checked 
by the chemical analysis that it was the following. Partial diffusion of Mo of an 
alloy steel powder child front face was checked by EPMA observation of a particle 
cross section. 
[0022] 
[A table l] 



[0023] Sample numbers 1-8 are examples with which Mo content and Mn content 
are satisfied of the range of this invention. A sample number 9 is an example for 
which Mo beforehand contained in iron machine powder as an alloy separates from 
the upper limit of the range of this invention. A sample number 10 is an example 
for which Mn beforehand contained in iron machine powder as an alloy separates 
from the upper limit of the range of this invention. A sample number 11 is an 
example for which Mo content by which Mo content by which diffusion adhesion is 
carried out is the example which separates from the lower limit of the range of this 
invention, and diffusion adhesion of the sample number 12 is carried out separates 
from the upper limit of the range of this invention, and a sample number 13 is an 
example which has not carried out diffusion adhesion of the Mo. 

[0024] Such alloy steel powder It is zinc stearate to the 100 weight sections. After 
carrying out 1.0 weight sections addition and carrying out stirring mixing further, 
pressing was carried out by pressure 690MPa, and the tablet-like Plastic solid 
with a diameter [ of 11mm ] and a height of 10mm was produced. The consistency 
of this tablet-like Plastic solid was measured by the dimension method, and the 
ratio to true density was computed. Subsequently, after carrying out dewaxing 
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processing (retention temperature 600 degrees C, holding-time lhr) of the 
tablet-like Plastic solid It sintered in the hydrogen ambient atmosphere (sintering 
temperature of 1250 degrees C, sintering time amount lhr)., Pressure sintering 
(sintering temperature of 1300 degrees C, sintering time amount lhr) of this 
sintered compact was carried out in the argon ambient atmosphere of 10.1MPa(s) 
(namely, 100 atmospheric pressure) with hydrostatic-pressure heating apparatus. 
The volume fraction (close void content) and consistency of a close hole of this 
pressure-sintering object were measured. The close void content of a 
pressure-sintering object was measured by the mercury porosimeter. the 
consistency of a pressure-sintering object " Archimedes it measured by law and 
the ratio to true density was computed. 

[0025] The close void content of a pressure-sintering object, a consistency, and the 
consistency of a tablet-like Plastic solid are collectively shown in a table 1. the 
sample numbers 1-8 which are the examples of invention sample-number 9- 
compared with 10 and 12, the consistency of a tablet-like Plastic solid is high. 
Sample numbers 11 and 13 have low close void content and consistency of a 
pressure-sintering object compared with the sample numbers 1-8 which are the 
examples of invention. 
[0026] 

[Effect of the Invention] As [ explained / above ] If the alloy steel powder for 
powder metallurgy of this invention is used, it is suitable as alloy steel powder for 
powder metallurgy which high compressibility and a high degree of sintering are 
compatible, and serves as a raw material of a high density sintering member. Since 
a hole is efficiently crushed when it is used especially for compression moulding 
technique, eburnation is promoted. 
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